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(54) PRODUCTION OF MICROCRUYSTALLINE PERMANENT MAGNET ALLOY AND 
PERMANENT MAGNET POWDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To moderate manufacturing conditions, particularly heat treatment 
conditions, and to perform stable industrial production by subjecting a molten alloy, which has a 
composition prepared by regulating the concentration of rate earths in an Nd-Fe-B alloy to a 
specific value or bellow and a specific amount of B is contained, to allowing in an inert gas 
atmosphere with an atmospheric pressure in a specific range by means of liquisol quenching 
using a cooling roll. 

SOLUTION: A molten alloy, represented by a composition formula FelOO-^x-yBxRy (where R is 

one or more elements among Pr, Nd, Dy, and Tb) in which (x) and (y) satisfy 1 5<x<30 atomic % 
and 1<y<6 atomic %, respectively, is continuously cast on a rotating cooling roll in an inert gas 
atmosphere of 31 to 101 kPa. By this procedure, a microcrystalline alloy, having a structure in 
which a crystalline structure, where an Fe3B type compound phase of <10 nm average 
crystalline grain size, an a~Fe phase, and a compound phase with Nb2Fe14B type crystalline 
structure coexist, comprises >50% and the balance is compound of amorphous structure, is 
prepared. This alloy is heat-treated at 550 to 750° C and formed into a microcrystalline alloy of 
10 to 50 nm average crystalline grain size, and the magnetic alloy having magnetic properties of 
iHc>2 kOe and Br>8 kG can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim l] an empirical formula - FelOO-x-yBxRy (however, R - one sort of Pr, Nd, Dy, or Tb, or two sorts 
or more) It expresses. ** - The notation x which limits the presentation range, and the molten metal with 
which y is satisfied of the following value in the inert gas ambient atmosphere of 31kPa-101kPa Cast 
continuously on the rotating cooling roller and the crystalline structure where the compound phase which 
has alpha-Fe and the Nd2Fel4B mold crystal structure in the Fe3B mold compound list of lOnm or less of 
diameters of average crystal grain lives together occupies 50% or more. By producing the fine crystal alloy 
with which the remainder consists of an amorphous substance, and heat-treating after that in a 550 
degrees C i_750 deg rees C temperature region The manufacture approach of a fine crystal permanent 
magnet alloy of obtaining the fine crystal alloy of lOnm - 50nm of diameters of average crystal grain, and 
the magnet alloy which has the magnetic properties of nothing, iHc>=2kOe, and Br>=8kG. 
15 <=x <=30at% - 1 <=y<6at% - [Claim 2] an empirical formula - 100(Fel-mCom)-xyBxRy (however, R 
- Pr -) The notation x which expresses one sort of Nd, Dy, or Tb, or two sorts or more, and limits the 
presentation range, The molten metal with which y and m are satisfied of the following value in the inert 
gas ambient atmosphere of 31kPa l01kPa Cast continuously on the rotating cooling roller and the 
crystalline structure where the compound phase which has alpha-Fe and the Nd2Fel4B mold crystal 
structure in the Fe3B mold compound list of lOnm or less of diameters of average crystal grain lives 
together occupies 50% or more. By producing the fine crystal alloy with which the remainder consists of 
an amorphous substance, and heat-treating after that in a 550 degrees C * 750 degrees C temperature 
region The manufacture approach of a fine crystal permanent magnet alloy of obtaining the fine crystal 
alloy of lOnm : 50nm of diameters of average crystal grain, and the magnet alloy which has the magnetic 
properties of nothing, iHc>=2kOe, and Br>=8kG. 

15 <=x <=30at%K=y - < - 6at%0.001 <=m<=0.5 " [Claim 3] an empirical formula - Fel00-x-y-zBxRyMz 
(however, R - Pr -) One sort of Nd, Dy, or Tb or two sorts or more, and M aluminum, Si, Ti, V, Cr, Mn, 
nickel, Cu, Ga, Zr, Nb, Mo, Ag, Pt, The notation x which expresses one sort of Au and Pb, or two sorts or 
more, and limits the presentation range, The molten metal with which y and z are satisfied of the 
following value in the inert gas ambient atmosphere of 31kPa-l01kPa Cast continuously on the rotating 
cooling roller and the crystalline structure where the compound phase which has alpha-Fe and the 
Nd2Fel4B mold crystal structure in the Fe3B mold compound list of lOnm or less of diameters of average 
crystal grain lives together occupies 50% or more. By producing the fine crystal alloy with which the 



remainder consists of an amorphous substance, and heat-treating after that in a 550 degrees C - 750 
degrees C temperature region The manufacture approach of a fine crystal permanent magnet alloy of 
obtaining the fine crystal alloy of lOnm * 50nm of diameters of average crystal grain, and the magnet 
alloy which has the magnetic properties of nothing, iHc>=2kOe, and Br>=8kG. 

15 <=x <=30at%l <=y<6at%0.01 <=z<=7at% - [Claim 4] an empirical formula - 
100(Fel-mCom)-x-y-zBxRyMz (however, R - Pr --) One sort of Nd, Dy, or Tb or two sorts or more, and M 
aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, Nb, Mo, Ag, Pt, The notation x which expresses one sort of 
Au and Pb, or two sorts or more, and limits the presentation range, The molten metal with which y, z, and 
m are satisfied of the following value in the inert gas ambient atmosphere of 31kPa*101kPa Cast 
continuously on the rotating cooling roller and the crystalline structure where the compound phase which 
has alpha-Fe and the Nd2Fel4B mold crystal structure in the Fe3B mold compound list of lOnm or less of 
diameters of average crystal grain lives together occupies 50% or more. By producing the fine crystal alloy 
with which the remainder consists of an amorphous substance, and heat-treating after that in a 550 
degrees C - 750 degrees C temperature region The manufacture approach of a fine crystal permanent 
magnet alloy of obtaining the fine crystal alloy of lOnm - 50nm of diameters of average crystal grain, and 
the magnet alloy which has the magnetic properties of nothing, iHc>=2kOe, and Br>=8kG. 
15 <= x <=30at%K=y - < " 6at%0.01 <=z<=7at%0.001 <=m<=0.5 " [Claim 5] The manufacture approach 
of isotropic permanent magnet powder of having the fine crystal organization which gets the magnet 
powder which grinds the obtained fine crystal permanent magnet alloy in claim 1, claim 2, claim 3, or 
claim 4 in average powder particle size of 3 micrometers * 500 micrometers, and has the magnetic 
properties of iHc>=2kOe and Br>=7kG. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the optimal permanent 
magnet alloy for the magnetic circuit for various small motors, an actuator, and magnetic sensors etc., 
and permanent magnet powder. By casting the alloy molten metal of a specific presentation continuously 
on the cooling roller which rotates the molten metal of the specific presentation containing the rare earth 
elements not more than 6at%, and 15at(s)% * 30at% boron among a specific reduced pressure inert gas 
ambient atmosphere The crystalline structure where the compound phase which has alpha-Fe and the 
Nd2Fel4B mold crystal structure in the Fe3B mold compound list of lOnm or less of diameters of average 
crystal grain liv es together occupies 50% or more. By produ cing th e fine cr ystal alloy with whic h th e 
remainder consists of an amorphous substance, and heat-treating after that in a 550 degrees C - 750 
degrees C temperature region By grinding the permanent magnet alloy which has the magnetic 
properties of iHc>=2kOe and Br>=8kG by carrying out grain growth of the diameter of average crystal 
grain to lOnm - 50nm, or a permanent magnet alloy It is related with the manufacture approach of the 
fine crystal permanent magnet alloy which can obtain iHc>=2kOe which is equal to practical use as 
magnet powder for bond magnets, and the permanent magnet powder which has the magnetic properties 
of Br>=7kG, and permanent magnet powder. 
[0002] 

[Description of the Prior Art] In current, the device for household electric appliances, OA equipment, 
electronic autoparts, etc., much more high-performanceizing and small lightweight-ization are 
demanded, and as the whole magnetic circuit using a permanent magnet Although the design for making 
an engine -performance tare quantitative ratio into max is considered and the residual magnetic flux 
density Br is made the optimal [ what is 5kG(s) - 7kG extent ] as a permanent magnet with the structure 
of the DC motor with a brush which has the great portion of present number of production especially It 
cannot obtain with the conventional hard ferrite magnet. 

[0003] For example, although it is satisfied with the Nd-Fe-B sintered magnet and Nd-Fe-B bond magnet 
which make Nd2Fel4B the main phase of these magnetic properties Nd which a process list great for 
metaled separation purification and a metaled reduction reaction takes a large-scale facility - 10at(s)% - 
15at%, since it contains As compared with a hard ferrite magnet, it becomes it is remarkable and 
expensive, and the alternative from a hard ferrite magnet progresses only from some models in respect of 
a price performance, now, it has Br of 5 or more kGs, and the cheap permanent magnet ingredient is not 



found out. 
[0004] 

[Problem(s) to be Solved by the Invention] On the other hand, in the Nd-Fe-B system magnet, the magnet 
ingredient which carries out the main phase of the Fe3B mold compound by presentation near 
Nd4Fe77B19 (at%) is proposed (R. J.de Phys(es), such as Coehoorn, C8, 1988, 669-670 page), and the 
technical contents are indicated by U.S. Pat. No. 4,935,074 etc. in recent years. 

[0005] Moreover, Koon has proposed the manufacture approach of the permanent magnet which consists 

of a fine crystal by performing heatof-crystallization processing to the La-R-B*Fe amorphous alloy which 

contains La as an essential element before in U.S. Pat. No. 4,402,770 rather than it. 

[0006] recently, it is indicated by Richter and others at EP JP,558691,B Bl - as - Nd - 3.8at(s)% - 3.9at% 

- by heat-treating the amorphous flake injected and obtained on Cu roll turning around the Nd-Fe-B -V-Si 

alloy molten metal to contain at 700 degrees C has reported that a flake with hard magnetic property is 

obtained. 

[0007] These permanent magnet ingredients are permanent magnet ingredients of the metastable 
structure of having the crystal texture where Fe3 B phase which is the soft magnetism and the R2Fel4 B 
phase which is the hard magnetism obtained by performing heat-of-crystalhzation processing to an 
amorphous flake with a thickness of 20 micrometers - 60 micrometers are intermingled. 
[0008] Although this permanent magnet ingredient has Br of lOkG extent, and iHc of 2kOe-3kOe, and a 
feed ingredient price is cheaper than the Nd-Fe-B magnet which makes Nd2Fel4B the main phase since 
the expensive content concentration of Nd is as low as about 4at% The heat treatment conditions for 
liquid quenching conditions being limited since it is necessary to carry out 90% or more amorphous " 
substance alloying of the feed ingredient of real, and becoming a hard magnetic material to coincidence 
are limited narrowly, and it is not practical on industrial production and cannot provide cheaply as an 
alternative of a hard ferrite magnet. 

[0009] On the other hand, although the organization which consists of a crystalline substance which has 
direct and hard magnetic property by quenching an alloy molten metal with roll peripheral-velocity 20 
m/s extent can be obtained with super-quenching Nd-Fe-B system magnet ingredients, such as U.S. Pat, 
No. 508,266, since expensive Nd content contained into an alloy is as high as about 13at%, it cannot 
provide cheaply as an alternative of a hard ferrite magnet. 

[0010] In the permanent magnet ingredient of the metastable structure where, as for this invention, rare 
earth concentration has the crystal texture where Fe3 B phase of soft magnetism and the Nd2Fel4 B 
phase of hard magnetism which are characterized by less than [ 6at% ] and the low thing are 
intermingled It aims at making possible industrial production which eased the manufacture condition, 
especially heat treatment conditions, and was stabilized. It aims at offer of the manufacture approach of 
the fine crystal permanent magnet alloy which enables mass production of the fine crystal permanent 
magnet alloy which has especially the residual magnetic flux density Br of 8 or more kGs, and has the 
price performance which is equal to a hard ferrite magnet. 
[0011] 

[Means for Solving the Problem] The result to which artificers considered various the manufacture 
approaches of the Nd-Fe-B system fine crystal permanent magnet of low rare earth concentration that a 
soft magnetism phase and a hard magnetism phase were intermingled, The alloy molten metal of the 
specific presentation in which there are few contents of rare earth elements as less than [ 6at% ], and they 



contain 15at% - 30at% B By facing carrying out quenching alloying with the melt quenching method 
using a cooling roller, and quenching in the inert gas ambient atmosphere of 31kPa-101kPa The liquid 
quenching conditions which needed to be made amorphous in 90% or more of parenchyma are eased 
conventionally. While the deposit of alpha- Fe of lOOnm or more of crystal grain parameters which carry 
out the cause of the degradation of magnetic properties is controlled also on the liquid quenching 
conditions that the crystalline structure of a quenching alloy occupies 50% or more Then, in case it 
heat-treats in a 550 degrees C - 750 degrees C temperature region, the compound phase which has 
alpha-Fe and the Nd2Fel4B mold crystal structure in the Fe3B mold compound list of lOnm - 50nm of 
diameters of average crystal grain lives together. The knowledge of the heat-treatment-temperature 
range which can obtain the fine crystal permanent magnet alloy which obtains the magnet alloy which 
has the magnetic properties of iHc>=2kOe and Br>=8kG being expanded was carried out, and this 
invention was completed. 

[0012] This invention an empirical formula Namely Fel00-x-yBxRy, 100(Fel-mCom)-xyBxRy, 
Fel00-x-y-zBxRyMz and 100(Fel-mCom)-x-y-zBxRyMz (however, R - Pr --) One sort of Nd, Dy, or Tb or 
two sorts or more, and M aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, Nb, Mo, Ag, Pt, The notation x 
which expresses with either one sort or two sorts or more, Au and Pb, and limits the presentation range, 
The molten metal with which y, z, and m are satisfied of the following value in the inert gas ambient 
atmosphere of 31kPa-101kPa Cast continuously on the rotating cooling roller and the crystalline 
structure where the compound phase which has alpha-Fe and the Nd2Fel4B mold crystal structure in 
the Fe3B mold compound list of lOnm or less of diameters of average crystal grain lives together occupies 
50% or more. By producing the fine crystal alloy with which the remainder consists of an amorphous 
substance, and heat-treating after that in a 550 degrees C - 750 degrees C temperature region The 
manufacture approach of a fine crystal permanent magnet alloy of obtaining the fine crystal alloy of lOnm 
- 50nm of diameters of average crystal grain and the magnet alloy which has the magnetic properties of 
nothing, iHc>=2kOe, and Br>=8kG is proposed. 

15 <=x <=30at%l <=y<6at%0.01 <=z<=7at%0.001 <=m<=0.5[0013] Furthermore, this invention grinds 
the fine crystal permanent magnet alloy obtained by the above-mentioned manufacture approach in 
average powder particle size of 3 micrometers - 500 micrometers, and proposes collectively the 
manufacture approach of isotropic permanent magnet powder of having the fine crystal organization 
which gets the magnet powder which has the magnetic properties of iHc>=2kOe and Br>=7kG. 
[0014] 

[Embodiment of the Invention] 

The reason rare earth elements R for limitation of a presentation are not desirable, in order that one sort 
or the magnetic properties high only at the time of the amount content of specification two or more sorts 
of Pr, Nd, Dy, or Tb may be acquired, and the property of 2 or more kOes may not be acquired for iHc with 
other rare earth, for example, Ce and La, and the inside rare earth elements after Sm except Tb and Dy 
and a heavy-rare-earth element may invite degradation of magnetic properties. Less than [ lat% ], since 
iHc of 2 or more kOes is not obtained, and Br of 8 or more kGs will not be obtained if 6at(s)% is exceeded, 
R is taken as the range below more than lat%6at%. It is good 2at% - 5.5at% of preferably. 
[0015] Less than [ 15at% ], in the metal texture after liquid quenching, the deposit of alpha-Fe of B is 
remarkable, and since only iHc of less than 1 kOe is obtained since the deposit of a compound which has 
the indispensable Nd2Fel4B mold crystal structure in the manifestation of coercive force is checked, and 



the square shape nature of a demagnetization curve will fall remarkably and Br of 8 or more kGs will not 
be obtained if 30at(s)% is exceeded, it is taken as the range of 15at% ■ 30at%. It is good 15at% - 20at% of 
preferably. 

[0016] Although Fe occupies the content remainder of an above-mentioned element, a metal texture is 
made detailed by permuting a part of Fe by Co and the improvement in thermal resistance [ nature / of a 
demagnetization curve / square shape ] is obtained by an improvement and improvement in maximum 
energy product (BH) max, and the list Since Br of 8 or more kGs will not be obtained if this effectiveness 
is not acquired at less than 0.1% and the amount of permutations to Fe exceeds 50%, let the amount of 
permutations to Fe of Co be 0.1% - 50% of range. It is good 0.5% - 10% of preferably. 
[0017] aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, Nb, Mo, Ag, Pt, Au, and Pb of an alloying element 
M Although the effectiveness which improves the square shape nature of a demagnetization curve and 
increases Br and (BH) max is acquired while contributing to detailed systematization of a fine crystal 
permanent magnet and improving coercive force This effectiveness is not acquired, but more than at 7at%, 
since the magnetic properties of Br>=8kG cannot be acquired, it considers as the range of 0.01at% - 7at% 
less than [ 0.01at% ]. Preferably, it is 0.05at% - 5at%. 

[0018] In invention of limited ****** of manufacture conditions the alloy molten metal of an 
above-mentioned specific presentation in the inert gas ambient atmosphere of the range of 31kPa-101kPa 
Cast continuously on the rotating cooling roller and the crystalline structure where the compound phase 
which has alpha-Fe and the Nd2Fel4B mold crystal structure in the Fe3B mold compound list of lOnm or 
less of diameters of average crystal grain lives together occupies 50% or more. By producing the fine 
crystal alloy --with which the remainder consists of an amorphous substance, and heat treating after that 
in a 550 degrees C - 750 degrees C temperature region It is most important to make with the fine crystal 
organization of lOnm - 50nm of diameters of average crystal grain required to obtain the magnet alloy 
which has the magnetic properties of iHc>=2kOe and Br>=8kG. 

[0019] Namely, when a casting ambient atmosphere exceeds 101kPa(s) in the case of the continuous 
casting of an alloy molten metal By turbulence of the molten metal style by the gas contamination 
between a roll and a molten metal, and the wind of the roll circumference etc. Become a quenching alloy 
organization containing big and rough alpha-Fe which is lOOnm of crystal grain parameters by which 
cooling conditions are not stabilized, and the magnetic properties of iHc>=2kOe and Br>=8kG are not 
acquired, but when it is less than 31 kPas Since the amorphous organization potency which changes 
depending on an alloy presentation increases, it is easy to become fault quenching and the magnetic 
properties after heat treatment are not stabilized, a molten metal quenching ambient atmosphere is set 
to 31kPa-101kPa. Preferably, 3lkPa-80kPa is good. A controlled atmosphere is made into an inert gas 
ambient atmosphere for antioxidizing of an alloy molten metal. Preferably, the inside of N2 and Ar 
ambient atmosphere is good. 

[0020] Although it is necessary to perform heat treatment aiming at grain growth so that the 
above-mentioned quenching alloy may become the metal texture which consists of a fine crystal of lOnm - 
50nm of diameters of average crystal grain required to obtain the permanent magnet alloy which has the 
magnetic properties of iHc>=2kOe and Br>=8kG In order that heat treatment temperature may not cause 
grain growth at less than 550 degrees C, the diameter of average crystal grain lOnm or more is not 
obtained. Moreover, since the grain growth exceeding 750 degrees C is remarkable, iHc, Br, and the 
square shape nature of a demagnetization curve deteriorate and above-mentioned magnetic properties 



are not acquired, heat treatment temperature is limited to 550 degrees C - 750 degrees C. 
[0021] In heat treatment, the inside of inert gas ambient atmospheres, such as Ar gas and N2 gas, or a 
vacuum 1.33Pa or less of an ambient atmosphere is desirable in order to prevent oxidation. Although it is 
not dependent on heat treatment time amount, since magnetic properties have the inclination for Br to 
fall with the passage of time a little when exceeding 6 hours, its less than 6 hours are preferably good. 
[0022] Although an aluminium alloy, a pure copper and a copper alloy, iron, brass, a tungsten, and bronze 
can be used for the quality of the material of the cooling roller used for liquid quenching continuous 
casting processing of an alloy molten metal from the point of thermal conductivity Since the point of a 
mechanical strength and economical efficiency to Cu or Fe (however, the alloy containing Cu and Fe is 
sufficient) is desirable and heat conduction is bad with the quality of the materials other than the above, 
Since an alloy molten metal cannot be cooled enough but several lOOnm big and rough alpha-Fe and Fe2B 
deposit, the magnetic properties of iHc>=2kOe and Br>=8kG cannot be acquired, and it is not desirable. 
[0023] To a cooling roller, for example, center line granularity Ra<=0.8micrometer, maximum height 
Rmax<=3.2micrometer, When the roll made from Cu which has the average-of-roughness-height 
Rz<=3.2micrometer surface roughness of ten points is adopted, The crystalline structure included in a 
quenching alloy when roll peripheral velocity exceeds 15 m/s becomes 50% or less. The metal texture of a 
quenching alloy becomes uneven, the magnetic properties after heat treatment are not stabilized, but 
since it is not desirable, roll peripheral velocity has 4 m/s ■ 15 m/s good [ since an amorphous phase 
increases, it is not desirable and ] when roll peripheral velocity is 4 or less m/s. 

[0024] Moreover, the end of isotropic permanent magnet magnetic powder it has iHc>=4kOe and 
Br>=7kG can be obtained by grinding the fine crystal permanent magnet alloy by this invention so that it 
may become the grain size of 3 micrometers - 500 micrometers. If powder particle size falls [ magnetic 
properties, especially Br ] in less than 3 micrometers and is not desirable and 500 micrometers is 
exceeded, since shaping is difficult, the magnetic powder grain size after grinding will be limited to 3 
micrometers ■ 500 micrometers. When using as magnetic powder for compression-molding bond magnets, 
10 micrometers - 300 micrometers are desirable, and as magnetic powder for injection-molding bond 
magnets, 50 micrometers or less are desirable. 

[0025] The Fe3B mold compound and alpha-Fe which have soft magnetism, and the hard magnetism 
compound phase which has the Nd2Fel4B mold crystal structure live together during the same 
organization, and the crystal phase of the fine crystal permanent magnet alloy by this invention is 
characterized by consisting of the fine crystal aggregate of the range whose diameter of average crystal 
grain of each configuration phase is lOnm - 50nm. If the diameter of average crystal grain which 
constitutes a fine crystal permanent magnet alloy exceeds 50nm, Br and the square shape nature of a 
demagnetization curve deteriorate, and the magnetic properties of Br>=8kG cannot be acquired. 
Moreover, by less than lOnm, although the diameter of average crystal grain is so desirable that it is fine, 
in order to cause the fall of iHc, a minimum is set to lOnm. 
[0026] 
[Example] 

So that it may become the presentation of example 1 table 1 of No.1'17 Fe of 99.5% or more of purity, Co, 
aluminum, Si, Ti, V, Cr, Mn, nickel, Cu, Ga, Zr, The metal of Nb, Mo, Ag, Pt, Au, Pb, B, Nd, Pr, Dy, and Tb 
is used. Carry out weighing capacity so that a total amount may be set to 30g, and it supplies in the 
quartz crucible which has an orifice with a diameter of 0.8mm at the pars basilaris ossis occipitalis. It 



dissolves by high-frequency heating in Ar ambient atmosphere held to the quenching ambient pressure of 
Table 1. After making a melting temperature into 1300 degrees C, the surface of hot water is pressurized 
by Ar gas. At a room temperature The molten metal was cast from height of 0.7mm in succession to the 
peripheral face of the cooling roller made from Cu which rotates with the quenching ambient atmosphere 
and roll peripheral velocity which are shown in Table 1, and the quenching alloy of the continuous shape 
of sheet metal with a width of face [ of 2mm - 3mm ] and a thickness of 100 micrometers - 300 
micrometers was produced. 

[0027] This quenching alloy was held for 10 minutes with the heat treatment temperature shown in Table 
1 in Ar gas, was cooled to the room temperature after that, the alloy was taken out, the sample with width 
of face of 2-3mm, a thickness [ of 50 micrometers - 200 micrometers ], and a die length of 3-5mm was 
produced, and it measured in VSM. A magnet property is shown in Table 2. In No.3-No.17, Co, aluminum, 
Si, Ti, V, Cr, Mn } nickel, Cu, Ga, Zr, Nb, Mo, Ag, Pt, Au, and Pb permute a part of Fe of each configuration 
phase. 

[0028] As the coercive force dependency over the heat treatment temperature in example No.8 of drawing 
1 shows, it depends on heat treatment temperature for the coercive force of the quenching alloy obtained 
by this invention. In the quenching alloy of example No.TNo.17, the heat-treatment-temperature region 
where iHc of 2 or more kOes is obtained is shown in Table 3. 

[0029] About No.6 of example 2 table 1, No. 7, No.8, and the quenching alloy of No.13, it ground so that it 
might become the grinding grain size of 25 micrometers - 300 micrometers, and the average powder 
particle size of 150 micrometers using a grinder, and isotropic permanent magnet powder was produced. 
The magnetic properties of the magnet powder measured in VSM are shown in Table 4. 
[0030] The quenching alloy was produced on the quenching conditions shown in Table 1 using Fe, B, R, 
and Si of 99.5% of purity so that it may become the presentation of example of comparison 1 table 1 of 
No.18-No.21. It heat-treated into the obtained quenching alloy, and after cooling, the sample was 
produced on the same conditions as an example 1, and magnetic properties were evaluated using VSM. 
An evaluation result is shown in Table 2. 

[0031] Although it is dependent on heat treatment temperature as the coercive force dependency over the 
heat treatment temperature of drawing 1 shows the magnetic properties of example No.of comparison 19, 
the heat-treatment-temperature region which coercive force discovers is narrow compared with example 
No.8 obtained in quenching ambient pressure 60kPa. In the quenching alloy of example No.of 
comparisonl8-No.21, the heat-treatment-temperature region where iHc of 2 or more kOes is obtained is 
shown in Table 3. 
[0032] 
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[0036] 

[Effect of the Invention] This invention is a thing aiming at relaxation of the manufacture conditions in 
the manufacture approach of the Nd*Fe-B system fine crystal permanent magnet of low rare earth 
concentration that a soft magnetism phase and a hard magnetism phase are intermingled. The alloy 
molten metal of the specific presentation in which there are few contents of rare earth elements as less 
than [ 6at% ], and they contain B of 15at%-30at By facing carrying out quenching alloying with the melt 
quenching method using a cooling roller, and quenching in the inert gas ambient atmosphere of 
31kPal0lkPa The liquid quenching conditions which needed to make amorphous 90% or more of 
parenchyma are eased conventionally. The magnet alloy which the compound phase which has alpha-Fe 
and the Nd2Fel4B mold crystal structure in a Fe3B mold compound list lives together, and has the 



magnetic properties of iHc>-2k0e and Br>=8kG after heat treatment also on liquid quenching conditions 
with the crystalline structure of a quenching alloy able to occupy 50% or more is obtained easily. 
[0037] Namely while the deposit of alphaFe of lOOnm or more of crystal grain parameters which carry 
out the cause of the degradation of magnetic properties is controlled also on the liquid quenching 
conditions that the crystalline structure of a quenching alloy occupies 50% or more Then, in case it 
heat-treats in a 550 degrees C - 750 degrees C temperature region, the compound phase which has 
alpha-Fe and the Nd2Fel4B mold crystal structure in the Fe3B mold compound list of lOnm - 50nm of 
diameters of average crystal grain lives together. When the heat-treatment-temperature range which can 
obtain the fine crystal permanent magnet alloy which obtains the magnet alloy which has the magnetic 
properties of iHc>=2kOe and Br>=8kG is expanded The manufacture conditions of a fine crystal 
permanent magnet can ease, it is cheap, and conventionally, on industrial production, stable industrial 
production cannot be made possible and the fine crystal permanent magnet with the price performance 
which is equal to a hard ferrite magnet which was not able to be produced cheaply and in large quantities 
can be offered [ it is cheap and ]. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing l] It is the graph which shows the dependency of the coercive force over the heat treatment 
temperature of the quenching alloy in an example and the example of a comparison. 



[Translation done J 
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kJi,frt^tf>. 0. 0 1 a t. %~ 7 a t%©«SM>-1- 



3o S4L<I4, 0. 05a t%~5a t%T?fc3, 
[0018] Jljg^OPBiBlfi 

c©»wfc*sv^x,' iaowjeariio-g-ASiisr 3 1 k 

P a ~ 1 0 1 k P a ©&ffl©^g'l4#;*#|l^'H£T, 

Illte1-4^p-/id:fca^lc:§fi&*, 

1 0nmWT©Fe 3 BS'ft;'g-t/3£0 ? (Ca -FeiNd 2 

f ei 4 BSiiftfti»36*^ri-*'fl:^*ffi^##i-sittiatt 

■&&fcfERU *©flU 5 5 0°C~7 5 0t:©tfig${:: 
io Tii*aa^JS1-r K*, iHc^2k0e, Br^8k 

Sil0nm~50n m©fKSB£i&£flfc t 41" r t #ft 

[0 0 19] 1-ft*>*,, £&$£©%£ft£©|£L ISt 

gas*** ioikPa srM^is^-a-fi. o-A'tj^aww 

©#**££*, fcitfn— >i/jSiB©ftfcJ:5*»flE© 
a*bfc 2f <9 % ft*P*ff jjs^je IttkMB&S&ft 1 0 

0 n m©&*:& a - F e %-£t!M#i&&M& t ft 9 , i 
H c ^ 2 k O e % B r £ 8 k G©«fcWMfeiS#£>*lT, 

20 3 1 k P a*J»©»£tt x -fr&&fcfcft#LTg'ft1-3 

7*/W7x*^J^#i|*LT«fc*ifc0-*1-< 4 

^3Stt©^^#tt^ 5 ^^b/fcl^it*^,-^^^^9(g- 

^Sr3 1 kPa~l 0 1 kPai1"3„ ^*L<li, 3 

1 kPa~8 0kPa#&lr\, %-m%U*\±, 
©IMfcKFJfc©**, ?Figtt^#ffl«t1-3. »SL< 

[00 20] Wi&<DM%i-£&H, iHc^2kOe, B 

r ^ 8 k G©flMM*tt&*r1-5*^«t5<&£*rft5©|i: 
^KftTSMSiBifiS 1 0 nm~5 0 nm©W»b 

iM§e>*ufcir\ 4fc7 5 0'CSrffix?)tm^^l : b< 

iHc b r &£xtMm&m<Dmmtf%4ku ±js© 

faWt#ft?)il<C^fc6, &&itB£tt5 5 0°C~7 

5 o°c\mfctz„ 

[0021] muc&i^t. #ffl^(«ft^K<Ycft 

Af^, N2^ft4r© 3 Fi£tt^#Hft'PfcKI± 

1 . 3 3 p a eiT©K^«pis&* u\ mn.®mm& 

^Wdg©Siii HCBr #teT1"5«lRl#ife3fc 
©. »*U<tt6i*M*i[*sA^ 0 
[00 2 2] ^&»»©ttflEa?&Jt«Ett36»atfflV^5 

SrJRffl^tS^ «*tta«*5itffc»tt©£*»e,, c 

utL<(4Fe ({ILCu, F e Sr$ tr&4^t> i^) 
#ff*U<, ±IS^©^KT-(4fl€5g^^f-^^ % 

ft&M&Wi^nx^-f. mi 0 0 um©fc*fca - f 

so edoirfF eoB*S«rai-5/t«). i H r S: 2 k O e . 



(5) 



B r ^ 8 k G0«S«H*&$$>*vf$F* b< 
[00 2 3] ^D-;H^iM^R a £ 

0. MI^Rmax^3. 10,S© 

¥»Rz^3. 2/ I m©SitI^tt5CutD 

-^sui ufciH-, p -^mm&tf i5m/ s 

^Eitfta* 4 m/ s WT©*|£, &tt£4<!>&JMejttf 
&Wctf), D-A'JSaarfi, 4m/s~15m/s« io 

[0 0 2 4] wO»WfcJ:««i||Btt l ft*^a5^ 

3 /i m~ 5 0 0 n mOgtC^S J; 5 $$^-3 - £ 

iHcS4kOe 4 Bri7kGt#t5f* 

*fe*^8t*»t&*$r#S - t tf-et 5o 3 ^ 

m^i-CliK^tt, B r #fiT Uf 4 L < 4 < , 

5 o o u m^m^tm-immm^^ ®w& 
<Dmm%L&z 3 » m ~ 5 o o n m\mm-t5> a mmm 
#y m^mmnt vxmtzm&it 1 o „ m -~ 3 0 

[00 25] J:5*ittiBf ft*^«5*4©«f 



F e t , N d 2 F e MBSH^jft'SrWi-SStttt^ 

*s 1 0 n m~ 5 0 n mCDt5ia©»^*^^ b 45 

ft*Oft»ttas^fl: U B r S: 8 k G &$»3 

bt/^S, 1 0 nm5fc^T*fi i He ©ffiT£3l£I2:it" 

TPSSrl OnrattSo 
[0 0 2 6] 

iSt&fl] 

mmm 1 

3?l©No. 1-1 7©»^tJfc5J:5fc, «*9 9. 

5%JU±©F e , Co, A 1 , S i , T i , V, C r , 
Mn, Ni, Cu, Ga, Zr, Nb, Mo, Ag, P 

t, Au, Pb, B, Nd, Pr, Dy, TbO^JRSr 
m\ tt*#3 0gi:*5J:5K:ff*U £«Kjft& 40 
0. 8mm<7)^-U 7^^§r^-f?.^-5oJSrttgA 



5 

i 9 U *f$rfi*£ 1 3 0 Otic ufc« 4 

-^©^JfffiKO. 7mm<DM£frib®®*mmLxm 
i4**B 2 mm~ 3 mm, Jf* l 0 0 u m~ 3 0 0 n m© 

[0 0 2 7] r©m^^Ar^^X\ * 1 fc^f 

«Maaa«^i o#na«j*u ^^ilst^lt 

-&&SrS0fflU if@2~3mm, W-fy- 5 0/j m~ 2 0 0 
Mm, **3~5mm©IW«rffcS!U VSMICT«£ 
b/c S2fm^ttSr^-t- 0 No. 3~No. 17 \z. 
fc^TCo. A I , Si, Ti, V, Cr, Mn, N 
i, Cu, Ga, Zr, N b , Mo, Ag, Pt, A 
u, Pbfi£$/&fg©F e©-g|!£g&-f-5„ 

[0028] mi nmMmn o . 8 ttjits^wa^ 

'^WJNo. l~No. 1 7©^^ic:j3^x, 2 

k O e W±© i H c ^btim&mimi&zfjki-, 

[0029] mmm2 

*!®No. 6, No. 7, No. 8, No. 13©j& 



3 0 0 m m, ¥#»*Jfc& 1 5 0 n m fc 45 J: 5 fdft 
U $#tt*^«5»**ft*Lfc. *4k:vsMfc:T 

[0 0 3 0] Hfimi 

Sl©No. 18~No. 2 l©aj*t)&5J:5fc*eif 
9 9. 5%©Fe, B, R, S i SrfflV>T* 1 fcjjrfjii 

a«r*u ftip^f^ii^ji tm-m^m^mt 

[003 1] jrt^MN o . 19 ©«iM«M4tt, 0 1 ©iS 

#Hmffi 6 0 k P a fcT#e>*T,fclHt«N o . 8 £Jt-< 
■»V V * 3 Ki-JtRWN o . 1 8 ~N o . 2 1 ©^^ 
K*51JT, 2 k O e £t±© i H c #£&ft3M&lKgt 

[0 0 3 2] 
[*1] 
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U 31kPa~101kPa OJFflHt^#HJ5;t^ 
50 eiNd 2 Fe uBm&&lffi : kirt&W 
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LTiHcS2kOe > B r ^ 8 k G<Dm%^^-f 

[o o 3 7] f 4t>*>, '%fi&&<Dmanm#s o%si 

3 1 0 0 nmi^±©a-F e ©flrtti^fflUBIS 
tlSk#\£, 5 5 0t:~7 5 0*C©ja*«fcT 

*&»«£*1-BS, ¥WSil0nm~50nmOF 
e 3 B m\t^mxj\Z a - F e t N d 2 F e 14 B g£ijMf| 
3t*#-t-5-ft^*ffiaJ## U iHc^2kOe v Br 
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